Background-Delay discounting has been found to be associated with numerous health-related outcomes, including risky sexual behaviour. To date, it is unclear whether delay discounting measured in different domains is associated within individuals. The goal of this study was to assess the concordance of monetary and sexual delay discounting in men who have sex with men.
Introduction
Men who have sex with men (MSM) have the highest group-specific rate of HIV in the United States. MSM are 57.5-fold more likely to be diagnosed with HIV compared with other men. 1 Although the rate of HIV diagnosis has been declining in most subgroups, including heterosexual women and injection drug users, the rate of diagnoses among MSM has been increasing over the past several years. 2 Diagnoses have been increasing even more rapidly among young MSM and MSM of colour. 2, 3 Combination HIV prevention programs that rely on multiple modes of prevention, including increased access to and use of condoms, are the most promising public health strategy to reduce HIV transmission. 4 Impulsivity may play an important role in condom use, and therefore in sexual risk-taking that can lead to HIV transmission.
Impulsivity is a concept that has been defined in multiple ways by different researchers, 5 but is frequently operationalised as delay discounting, or the preference for a smaller reward or consequence available sooner over a more preferred reward available after a longer delay. 6 Broadly, impulsivity can be measured using domain-general or domain-specific assessments. 7 Domain-general assessments focus on impulsivity as a trait of the individual that is present across situations. Domain-specific assessments allow for situational and stimulus-specific factors to contribute to impulsive behaviour. For example, an individual may exhibit selfcontrol and a lack of impulsivity in their management style at work, but make financially impulsive decisions when away from the office. Some empirical evidence suggests that domain-specific measurements of impulsivity are more valid and allow for within-individual variations in behaviour compared with domain-general measurements. 7 That is, individual differences in impulsivity across domains cannot be detected by domain-general measures, and it is unclear how much concordance should be expected between domain-general and domain-specific measures.
Delay discounting is a behavioural economic measure of impulsivity that is associated with many health-related behaviours and conditions, including substance abuse [8] [9] [10] [11] [12] [13] and obesity. 14, 15 There is growing evidence that delay discounting may be associated with sexual risktaking. [16] [17] [18] [19] Commonly, delay discounting has been measured using a monetary choice task in which respondents select between a given amount of money available immediately or in the near future and a larger amount of money available after a longer delay. Monetary delay discounting tasks, although specific to financial impulsivity, have become a de facto domaingeneral measurement of impulsivity in the delay discounting paradigm. The frequency with which monetary discounting has been found to be associated with impulsivity in domains other than financial decision-making supports this use of monetary tasks. Domain-specific delay discounting tasks have also been developed. For example, discounting of substance of choice has been measured for specific substances such as heroin 20, 21 and alcohol; 22 other tasks have been developed to measure discounting of health outcomes. 9, 23 Understanding the relationship between delay discounting and health-related problems may contribute to development of novel public health strategies to reduce morbidity and mortality associated with impulsive behaviour. Indeed, interventions have been developed that reduce delay discounting and substance use; 24,25 similar interventions might be effective in reducing sexual risk-taking.
Domain-specific methods to assess delay discounting of sexual behaviour have also been developed. Tasks measuring delay discounting of access to erotic stimuli 17 , the quantity/ duration of sexual behaviour 18, 26, 27 and the attractiveness of a potential sexual partner 28 have found systematic patterns of responding across a range of delay values. The Sexual Delay Discounting Task (SDT) 19 is a domain-specific delay discounting task that measures discounting of condom-protected sex, a behavioural outcome with direct relevance to HIV and sexually transmissible infection (STI) transmission. By using the SDT, condomprotected sex has been shown to be described by a two-parameter hyperboloid function, 19, 29, 30 similar to other forms of discounting. This function describes the decay in value of a reward as the delay to the reward increases. In the context of the SDT, the reward is the protection conferred by a condom. Systematic discounting data have been obtained from multiple populations including young adults 29 , men who have sex with men 30 and opioiddependent women. 31 Opioid-dependent women 31 and cocaine users 32, 33 have been found to discount condom-protected sex more steeply than non-opioid-using controls. 31 Delay discounting of condom-protected sex, but not money, increases following administration of alcohol 34 and cocaine 35 , suggesting domain-specific effects.
The concordance between monetary and sexual discounting is interesting for a couple of reasons. First, it will be important to recognise from a behavioural perspective whether people who tend to discount delayed money also tend to discount delayed access to condoms or sexual activity. If discounting in the two domains tends to be concordant within individuals, then this will provide an indication of the generalisability of domain-specific delay discounting to other domains. Second, to the extent that it is associated with sexual risk-taking, delay discounting might play an important role in reducing risky sexual behaviour and HIV/STI transmission. Delay discounting might be useful as a screening tool to identify individuals who are more likely to engage in risky sex and, to the extent that delay discounting is modifiable, might serve as a target for behavioural interventions. If delay discounting is generalisable across domains, then information about an individual's tendency to discount in one domain (e.g. money) could provide information about their discount rate for other domains (e.g. sexual). The ease of implementation of some monetary discounting tasks compared with sexual discounting tasks and the reduced social desirability bias associated with monetary discounting tasks 36 might make monetary discounting a more desirable screening tool.
Monetary discounting has previously been found to be associated with condomless anal intercourse (CAI) in an online sample of MSM. 37 Given that sexual delay discounting has also been shown to be associated with sexual risk-taking, [17] [18] [19] monetary and sexual discounting might be measuring a general tendency to discount across multiple domains. That is, the tendency for monetary discounting tasks to predict impulsivity in domains beyond financial behaviour may translate to sexual discounting as well. In fact, Holt et al. 38 found that delay discounting of high-value sexual encounters was correlated with delay discounting of food and money.
There are limited published studies in which both delay discounting and monetary discounting have been measured. 18, 19, 32, 38 In these studies, the concordance between monetary and sexual delay discounting has been unclear; correlations between the two types of discounting have been inconsistent. When statistically significant, the correlations tend to be small. 18, 19, 32 For example, across two studies, 19, 32 correlations between monetary and sexual delay discounting ranged from −0.10 to 0.33. Holt et al., 38 however, observed relatively large (0.64 and 0.65) and statistically significant correlations between delay discounting of sex and money. The reported studies tend to have small numbers of participants and were not conducted specifically to assess the association between monetary and sexual discounting. Additionally, many studies comprise undergraduate populations, 18, 38 raising questions about the generalisability of the results. Given the elevated prevalence and incidence of HIV and STIs among MSM compared with other populations, 2,39 discounting of condom-protected sex, as in the SDT, might differ in MSM compared with other populations as well.
The aim of the current study was to assess the concordance between monetary and sexual delay discounting. To address some of the shortcomings of previous studies, we recruited a large population from a widely used social network and focussed recruitment on MSM, the group with the highest rate of HIV diagnoses in the United States.
Methods

Recruitment
Participants were recruited via Facebook advertisements targeted to men who indicated that they were interested in men in their profile or who 'liked' pages that indicated that they might be MSM. Men who clicked through to the survey were provided with information about the study and completed an eligibility screener. Men were eligible for the study if they were 18 years of age or older, born male, and had sex with a man in the previous 6 months. Participants completed the survey anonymously and were not compensated. This study was determined to be exempt from review by the Emory University Institutional Review Board (IRB).
Delay discounting measures
Monetary delay discounting was measured using the Monetary Choice Questionnaire (MCQ), 40 and sexual delay discounting was measured using the Sexual Discounting Task. 19 The order of the MCQ and SDT was randomised across participants.
Monetary delay discounting
The MCQ consists of 27 dichotomous questions of the form, 'Would you prefer $54 today or $55 in 117 days?' The pattern of responding across the 27 items is used to assign a value of k that describes the rate of monetary discounting in the hyperbolic discounting equation V = 1/(1+kD), where V is the present subjective value of a monetary outcome, D is the delay, and k is a free parameter that describes the rate of discounting. 41 Higher values of k indicate steeper discounting of delayed monetary outcomes.
Sexual delay discounting
The SDT measures the extent to which delayed condom-protected sex is discounted compared with immediately available condomless sex. Prior to completing the task, participants were presented with an array of 41 headshots of different men and instructed to select the men with whom, assuming they liked his personality, they would be interested in having sex. Using language adapted from Johnson and Bruner, 19 participants were instructed to assume that they were not in a relationship and no one else would be affected if they were to have sex with one of the selected men.
Participants were shown all the selected photos and asked to identify the man they would most like to have sex with (MOSTSEX). That image was then removed and the participant was asked to identify the man he would least like to have sex with (LEASTSEX). All the originally selected images were then presented again and the same procedure was used to identify the man he thought was most likely to have a STI (MOSTSTI) and least likely to have a STI (LEASTSTI). Thus, up to four different images could be selected to satisfy these four conditions and the discounting task was completed for each. If an image was selected for more than one condition, then the discounting task was only completed once for that image. The four different conditions of the SDT represent four different decision-making contexts. This allows for the assessment of condom preferences in different situations, such as with a partner who is perceived to be very attractive or a partner who is perceived to have a high likelihood of having a STI.
For the discounting task, participants indicated on a visual analogue scale (VAS) their preference for sex without a condom immediately versus sex with a condom at 7 different delays: 1 h, 3 h, 6 h, 1 day, 1 week, 1 month and 3 months. The left side of the VAS was always 'I will definitely have sex now without a condom.' The right anchor of the VAS was always 'I will definitely wait < delay > to have sex with a condom.' An additional condition in which there was no delay for condom-protected sex was used to assess individual condom use preferences.
Analytic methods
The monetary discounting parameter, k, was determined by using the method proposed by Kirby and Maraković 42 based on the pattern of responding across the 27 items. Briefly, a participant's pattern of responding was compared with 10 potential response patterns, each of which is associated with a given value of k. A value of k was assigned based on the standard pattern that the participant's responses most closely matched. Participants who matched two patterns equally well were assigned the geometric mean between the two values of k associated with those patterns. Responses that did not meet 80% agreement with at least one value of k were marked invalid. The distribution of k was skewed, so it was logtransformed for analyses.
The selection on the VAS for the SDT was treated as the indifference point between condomless and condom-protected sex. To account for differences in condom preference, the seven delay conditions of the SDT were standardised to the 0-delay condition by dividing the former by the latter, resulting in a standardised area under the curve (AUC). Thus, standardised values were not calculated for participants who selected immediate condomless sex (i.e. 0 on the VAS) in the 0-delay condition. These standardised values were used to determine the AUC for each participant for each condition of the SDT using the method proposed by Myerson et al. 43 Lower AUCs indicate steeper discounting of condom- 
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Sexual discounting task data were heavily skewed. A rank transformation was used as in previous studies. 30, 31 Rank-transformed variables can take the place of a skewed variable in large-sample statistical methods. 44 However, the rank-transformed AUC was still considerably skewed due to a substantial number of ties, particularly at the ends of the distribution. Therefore, the AUCs were also categorised based on the percent of the total available AUC as follows: 0.00 ≤ % AUC ≤ 0.25, 0.25 < %AUC ≤ 0.50, 0.50 < %AUC ≤ 0.75, 0.75 < %AUC <1.00, %AUC = 1.00. The same categorisation was used for each SDT condition. Discounting of each condition likely represents somewhat different processes (e.g. sex with most preferred man vs with man most likely to have a STI). Using the same cut-points in each condition allows for the comparison of a given amount of discounting across conditions.
Orderliness of the SDT data was assessed using a method adapted from a study by Johnson and Bickel. 45 Specifically, a participant's data were excluded on a given condition if either of the following two criteria were met: (i) the indifference point for a given delay was >20% higher than the indifference point for the preceding delay; (ii) or the %AUC was >1 (i.e. preference for condoms increased as the delay to condoms increased indicating nonsystematic responding). Group median AUCs were fit to the hyperboloid function V = 1/ (1+kD) s , which has previously been found to describe sexual discounting data. 19, [29] [30] [31] In this function, V is the present subjective value of condom-protected sex, D is the delay to condom-protected sex, and k and s are free parameters.
Concordance of monetary and sexual discounting was assessed using linear regression models in which the outcome was the log-transformed k from monetary discounting and the predictor variables were either the rank-transformed AUC or categorised AUC from SDT.
Because of the high prevalence of men who did not discount condom-protected sex, χ 2 tests, stratified by age, were conducted to assess whether men who do not discount condomprotected sex also tend to not discount money (i.e. always choose the larger, later amount).
All analyses were conducted in SAS 9.4 (SAS Institute, Cary, NC, USA).
Results
Demographics
Of 217 287 Facebook impressions, there were 4265 click-throughs to the survey for a clickthrough rate of 2.0%. Of those who clicked through to the survey, 2684 (62.9%) initiated the survey; 790 (29.4%) of those who initiated the survey did not meet the eligibility criteria. A total of 1012 men provided systematic responses for at least one of the MCQ or SDT.
Demographics of the study population are presented in Table 1 . Because the prevalence of no discounting of condom-protected sex was so high, demographic characteristics are dichotomised as no versus any sexual discounting in the MOSTSEX condition. Table 1 is stratified by discounting in the MOSTSEX condition because this condition had the highest proportion of participants discounting condom-protected sex. Approximately half (45.3%) of the participants were under 25 years old and most were white (66.7%) or other/multiracial (17.7%). Overall, the study population was well educated, with 79.3% reporting at least some college education; however, 29.0% of participants reported an income below the poverty line, defined as <$15 000 per year. Close to half (43.5%) of participants reported a main partner, defined as someone they were committed to above all others. No differences were observed on any of the demographic variables based on discounting (no vs. any) status.
Orderliness and distribution of discounting data
Patterns of responding indicating that a participant did not understand or did not attend to the delay discounting task are typically discarded before analysis. For example, random response patterns or non-monotonic discounting functions indicate that a participant is not responding systematically. Non-systematic responding on the SDT was high and is reported for each condition in Table 2 . There was non-systematic responding in 29.6%, 21.2%, 17.4%, and 23.4% of MOSTSEX, LEASTSEX, MOSTSTI and LEASTSTI conditions respectively. Across conditions, 9.0%, 5.7%, 4.6% and 11.6% of participants indicated a preference for immediate condomless sex (i.e. 0 on the VAS) in the MOSTSEX, LEASTSEX, MOSTSTI, and LEASTSTI conditions respectively, and thus did not contribute to analyses involving standardised AUC.
There was a large proportion of participants in each SDT condition that did not discount condom-protected sex; that is, preference for condoms was insensitive to delay. The distribution of the log-transformed k and AUCs from each SDT condition are presented in Table 3 . The values for k were approximately normal following the log-transformation;
however, the standardised AUC values were skewed due to the clustering of values at the extremes of the distribution. The median standardised %AUC values were 0.83, 1.0, 1.0 and 0.99 for MOSTSEX, LEASTSEX, MOSTSTI and LEASTSTI respectively. Thus, more than half of participants did not discount condom-protected sex in the LEASTSEX and MOSTSTI conditions.
Group median SDT data were well-described by the two-parameter hyperboloid function when non-discounters were excluded from model fitting (R 2 >0.97 for all SDT conditions). When non-discounters were included, there was no least-squares solution obtained for the LEASTSEX and MOSTSTI conditions however, the model fit was good for MOSTSEX (R 2 = 0.99) and LEASTSTI (R 2 = 1.0).
Concordance of monetary and sexual discounting
Results from the linear regression models are presented in Table 4 . Overall, there were no significant associations between monetary and sexual delay discounting in either young or older MSM. One category of MOSTSEX (25.0 < % AUC ≤ 50.0) had a statistically significant association with monetary discounting. Given the multiple comparisons present in the current analysis, the statistical significance of this association should be interpreted with caution. Following a Bonferroni correction, none of the results would be statistically significant.
Although non-significant, the effects were in the expected direction. As sexual discounting increased, the mean lnk value also increased; however, these increases tended to be small. For example, a 100-unit decrease in rank in MOSTSEX standardised AUC (i.e. steeper delay discounting) was associated with a 0.09 increase in the log-transformed k. Similarly, men with a MOSTSEX standardised %AUC between 0.0 and 0.25 had a mean lnk that was 0.29 units higher than men with a standardised AUC = 1.0. These trends were generally consistent across the SDT conditions.
The results of the χ 2 tests assessing the concordance of any-versus no-monetary and sexual discounting are presented in Table 5 . Only one of the tests was significant, indicating that any monetary discounting is associated with any discounting of condom-protected sex in the MOSTSEX condition. As above, this result would not be statistically significant following corrections for multiple comparisons.
Discussion
In an online sample of MSM, we found no association between monetary and sexual delay discounting. The results of previous studies in which both monetary and sexual discounting have been assessed have been inconsistent. However, none of the four conditions in the SDT was found to be associated with monetary delay discounting, as measured by the MCQ.
The lack of concordance between these two measures suggests that the two delay discounting tasks are measuring separate behavioural processes or that delay discounting in one domain (e.g. economic) does not indicate delay discounting in other domains (e.g. sexual). These results suggest that monetary delay discounting tasks are unlikely to be useful tools to identify individuals most likely to engage in risky sexual behaviour and, therefore, most in need of prevention interventions to reduce HIV/STI transmission. Monetary discounting tasks have the benefit of reduced social desirability bias compared with sexual discounting tasks and could provide a method for identifying people who tend to be impulsive in economic decision-making as well as other decision-making contexts. However, these results suggest that with regard to the discounting of condom-protected sex, monetary discounting is uninformative.
Previous research has demonstrated that there may be an association between monetary discounting and impulsive behaviour in other domains. Numerous studies have demonstrated an association between substance use and abuse and monetary delay discounting. 12, 22, 23, [46] [47] [48] Further, interventions have been developed that reduce monetary delay discounting and subsequent substance use. 24, 25 Monetary delay discounting is also associated with eating behaviours and body mass. 14, 15, 49, 50 Thus, the lack of concordance between monetary and sexual discounting appears to represent a divergence in the trend for economic impulsivity to generalise to impulsivity in other domains. However, associations have been observed between monetary discounting measured using the MCQ and reporting multiple CAI partners, 37 a three-question monetary discounting task and multiple sexual risk behaviours, 16 and the MOSTSTI condition of the SDT and monetary discounting measured using an adjusting-amount procedure. 19 Many studies have been underpowered to examine these relationships in multivariable models.
The current analysis demonstrates that monetary and sexual delay discounting are not associated. Combined with the inconsistent results of previously published studies, 19 
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indicates that there is not a clear answer with respect to whether to use general-or domainspecific impulsivity tasks when assessing sexual impulsivity. Of particular importance is the wide range of magnitudes of correlation coefficients observed, ranging from slightly negative 32 to relatively strong and positive. 38 Given this uncertainty, investigators may consider using both measures, recognising the strengths and limitations of each. Neglecting to use one measure might result in missing important associations between sexual behaviour outcomes, especially if multiple sexual risk indicators other than condomless sex are being included in the sexual behaviour outcome assessment. Indeed, certain forms of sexual risktaking (e.g. condom use, number of partners, concurrent partners) may be differentially related to domain-general or domain-specific impulsivity tasks, as some may be more closely linked to an individual's personality traits, while other sexual behaviours may be more strongly related to the characteristics of situation-or stimulus-specific factors.
One possibility for the lack of concordance between sexual and monetary discounting is that social desirability bias may affect the current results. The SDT specifically asks participants to indicate a preference between condom-protected and condomless sex. Unlike the MCQ in which participants are merely expressing a preference between amounts of money at various delays, there is a clearer 'right' answer in the SDT: wait for a condom to be available. In the current study, a substantial proportion of men selected that they would always prefer to wait for a condom regardless of the delay for each of the four SDT conditions. Whether this reflects a true preference that is indicative of his behaviour or an unwillingness to express a preference for condomless sex in some situations is unclear. Social desirability might also affect responding to monetary tasks, such that the 'correct' answer is also somewhat inherent in these tasks as well. However, the effect of social desirability bias should be reduced in an anonymous, online survey, and participants in previous studies have indicated preferences for condomless sex in laboratory-based 19 and online settings. 31 The lack of concordance between monetary and sexual discounting persisted in analyses in which men who did not discount condomless sex were excluded (data not shown).
The SDT also represents a more complex decision-making scenario than does the MCQ. The MCQ presents a series of dichotomous choices between different amounts of money available at different delays. The only difference in the outcomes is quantitative -the amount of money and the delay to receipt. The SDT, in contrast, requires participants to indicate a preference between two outcomes that are qualitatively different: sex with or without a condom. In addition to the qualitative difference in the two outcomes, the SDT might also rely on decision-making with regard to likelihood of HIV/STI acquisition. Although the SDT includes conditions specific to perceived STI risk (MOSTSTI and LEASTSTI), it is likely that HIV/STI risk plays a role in a man's preference in the other conditions as well. This is likely to be especially true in a MSM population for whom condoms exclusively serve the purpose of preventing transmission of HIV/STIs given that pregnancy is not a concern.
Other sexual discounting tasks have been developed in which the delayed outcome is sex with a more attractive partner, 28 a greater quantity (i.e. longer duration) of sex 18 or access to erotic stimuli. 17 These tasks, particularly those with more quantitative outcomes, might be more highly correlated with monetary discounting. In fact, discounting of the quantity of sexual activity has been shown to correlate with monetary discounting. 18 There was a high rate of non-systematic or uninformative responding on the SDT in the present study; up to 39% in the MOSTSEX condition including those who had a value of zero in the zero-delay condition and thus could not contribute to analyses with standardised AUC. A value of zero in the zero-delay condition is not non-systematic per se, but these participants are uninformative with respect to the association between monetary and sexual discounting. Previous studies have reported non-systematic responding, but at a lower rate. For example, Herrmann et al. 30 conducted a survey of MSM recruited through Amazon's Mechanical Turk service. In that study, 89% of respondents' data were systematic; however, the authors did not report how many participants were excluded from analyses involving standardised AUC due to preference for immediate CAI in the 0-delay condition. Thus, it is unclear how many participants' data were excluded for being uninformative. Further, previous studies do not report excluding participants with AUC >1.0. 19, 30, 31 AUC values greater than 1.0 indicate non-systematic responding in which the preference for condomprotected sex increases with delay. Thus, it is not clear how much more non-systematic responding was present in the current study compared with others. It is possible that the sequential administration of two relatively complex delay-discounting tasks was an excessive participant burden.
This study has several strengths. We were able to recruit a large sample of MSM to complete both the SDT and MCQ, obtaining a larger sample size than most studies of delay discounting. The study population was diverse with respect to race, age, educational attainment and income. Using Facebook advertisements to recruit men to participate in research studies has been demonstrated to result in a minimally biased study population that is similar to participants obtained via venue-based, time-space recruitment. 51 Participants completed the survey anonymously, which should reduce any social desirability bias associated with reporting sexual history and completing the SDT. 52 This study also has limitations. The SDT uses a response modality (i.e. VAS) that may not be as familiar to participants as other question types (e.g. radio button, checkbox). It is unclear whether the high proportion of non-systematic responding on the SDT was due in part to participants' lack of familiarity with this type of question. The lack of a VAS practice session might have influenced the results of the current study. However, only 3% of the responses on the MCQ were invalid, indicating that participants were capable of providing systematic discounting data. Participants completed the survey anonymously, so we are unable to use IP addresses to check for duplicate responses. Because participants were not compensated for participating, it is unlikely that one would take the survey multiple times.
In conclusion, in a large, online study of MSM, we found no concordance between monetary and sexual delay discounting. This indicates that monetary delay discounting is unlikely to be a reliable indicator of sexual risk and that interventions centred on monetary delay discounting may be less likely to have an effect on sexual risk-taking. Further, the present study indicates that impulsive sexual behaviour may be qualitatively different from other impulsive behaviours that have previously been found to be associated with monetary discounting. Researchers are encouraged to use both general-and domain-specific measures when measuring impulsivity in the context of sexual behaviour and to carefully examine their data to ensure they use appropriate analysis methods. Future studies should continue to investigate whether other measures of sexual discounting are associated with monetary discounting, and how multiple measures of discounting relate to various risk behaviours. Table 3 Mean, median, minimum and maximum values for the log-transformed k and %AUC for each sexual delay discounting task (SDT) condition AUC, Area under the curve; MCQ, Monetary Choice Questionnaire; MOSTSEX, Condition representing the man the participant would most like to have sex with; LEASTSEX, Condition representing the man the participant would least like to have sex with (among those men identified as sexually desirable); MOSTSTI, Condition representing the man the participant perceives as most likely to have a STI; LEASTSTI, Condition representing the man the participant perceives as least likely to have a STI. AUCs are presented for the full study population, including participants who did not discount condom-protected sex, and for the subset of participants who did discount condom-protected sex Change in mean lnk associated with increases in sexual discounting for each condition of the Sexual Delay Discounting Task (SDT) for categorised and rank-transformed AUC 
